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Abstract 
 The major difficulty, associated with iron ore mining is the capacity planning 
problem, which arises from the fact that one can never know the total amount of ore, 
lying beneath the ground, with certainty. Geological predictions can give an estimate of 
that amount, but there is always a certain error in it. This project’s goal is to model this 
error and determine how it affects mining companies financially. 
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Chapter 1 
Introduction 
 Kazakhstan is a former Soviet republic, which obtained its independence in the 
year of 1990. It is located on the southern border of Russia. Currently the country’s 
economy is heavily dependent on the mining and export of various minerals, where the 
supplies are rich. Iron ore in particular, plays a major role in the industry. Russia is the 
main buyer of iron concentrate, and for the majority of Russian buyers, Kazakh iron is a 
viable alternative to iron from India (which is also a major iron exporter), because 
Kazakhstan is closer to Russia both geographically and politically. A great number of 
mining and processing sites exists throughout the country. 
 The laws of Kazakhstan are such, that no individual or company may own the ore, 
since all mineral recourses belong to the state. Instead a mining company can obtain the 
right to mine from the site and for that receive a portion of sales revenue from the 
government. Although these portions are usually not very large and the return on the 
capital employed is lower than in other industries, the huge volumes of production make 
mining business very profitable, when it comes to absolute numbers.
1
 
 Gornoe Buro (Mining Bureau) Company is in the business of consulting to the 
large-scale ore-mining and ore-processing firms. It employs a number of experts in the 
fields of geology, logistics, mining, finance and others. After the collapse of the Soviet 
Union and the Soviet education system with it, it is extremely hard to find qualified 
experts in the field as complex as mining, and therefore the company’s service is in high 
demand. 
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 The company uses a wide variety of methods to determine the risks and possible 
outcomes of the mining projects. However since most of the experts were schooled in the 
Soviet system, there is a notion that the company is being a bit more conservative in its 
judgments than it needs to be
2
. Secondly, despite the fact that the company’s geological 
expertise is of the highest level, the management believes that there is a lot of room for 
improvement in the area of financial analysis. Currently there is a tendency to boil the 
analysis results down to means and averages, and this trend is described as “unhealthy” 
by the management, since such analysis tends to omit a lot of important information. The 
company also seeks to improve the quality of analysis, by the use of modern Industrial 
Engineering techniques and methods, as well as the use of some kind of decision-making, 
risk-calculating software. 
 There are two major planning decisions with respect to investing in a potential 
mining site  The first is which survey test to employ in estimating the site’s total reserve. 
There are three different tests, varying in cost and accuracy, with more accurate test being 
more expensive and vice-versa. The first goal of this project is to asses the economics of 
information and determine whether the intelligence gained from using the more 
expensive test will provide a higher profitability, despite the test’s initial cost. This will 
allow to us to see, which test is best to utilize. 
 The second planning decision is concerned with the promise to provide a certain 
amount of processed ore annually, which the producer gives to the government. The 
promise of higher amounts is potentially more profitable, but it also increases the 
probability of a stockout, in which case the producer is subject to certain penalties from 
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the government, not to mention wasted capacity, which adds an extra cost to the producer, 
damaging the profitability. Promising more annual output is perceived as more aggressive 
strategy, while promising less is said to be conservative. This project’s goal is to asses the 
financial outcomes of different strategies, in order to find out, which provides a more 
desirable outcome. 
 The measure, on which those two decisions are evaluated is the Return On Capital 
Employed (ROCE) which is a variation of the Net Present Worth
3
. The ROCE is 
measured in percent, and it primarily assesses the efficiency of business venture. More 
information  is available in Chapter 5. However, since in the beginning of the mining 
project we only have an estimate of the site’s total deposits, the actual amount of ore in 
the site is going to be a random variable. Thus, through the inheritance feature, know to 
us from statistics, the ROCE, as a function of that variable is also going to be random. 
Both mean value and the nature of distribution is important, when looking at it, as there 
exists a measure known as the “downturn risk4”, which is the probability of not meeting a 
certain performance criteria. Each mining company has its own policy regarding that, 
with some willing to tolerate a higher downturn risk than others. Therefore the ultimate 
goal of this project is to find out which combination of survey test and mining 
strategy will give the highest mean value of ROCE, given the appropriate level of 
downturn risk. 
 The methods by which this will be carried out include normalization of data, 
statistical regression, fitting the data to an appropriate distribution model and interactive 
                                                 
3
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simulation, using Excel and @RISK programs. The goal is to have a clear answer, 
supported by the quantifiable information. 
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Project Methods and Structure 
 Chapter 2 describes the mining industry in Kazakhstan. However, since this topic 
is very broad, this report will cover only the relevant aspects of it. The basics of ore 
mining will be presented, and the mining terminology will be described. A special 
attention will be given to the ore grading system, under which the sites are placed in 
different categories, based on how much is known about them. Also, Kazakhstan’s 
typical mining conditions and methods of turning ore into concentrate will be described. 
Data  was gathered in the summer of 2007, and it will be crucial to decide what 
information is important and which is irrelevant. A list of 2100 different ore sights is 
currently available, and a brief description of it will be made. Last, but not least, a brief 
description of legal procedures will be presented. 
 Chapter 3 gives a more clear and explicit definition of the optimization problem, 
which I am attempting to solve in this project. It describes the various aspects of it, such 
as economies of scale, penalties for failure and function of extraction costs, taking a more 
precise look at the meaning of such words “conservative tactics” and “aggressive tactics”, 
describing what exactly is meant by them in this project. 
 Chapter 4 explains how the raw data available to me was analyzed and made to 
serve the project’s goals. It discuses the certain difficulties, which were encountered, 
when I entertained the possibilities of using various analysis methods. It tells how an 
analytical compromise was worked out in order to keep both quantity and quality of 
useful information at their optimum level. It takes the user step by step through this 
method and displays the found results. 
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 Chapter 5 talks about various technical, financial and legal aspects, which needed 
to be taken into account in order to make the simulation tool. The integration of these 
factors into the simulation brought it closer to the real world, enhancing the quality of 
analysis. It is also important to give reader notions, of what the “rules of the game” are in 
Kazakhstan’s iron ore industry and serves as a background for the next chapter. 
 Chapter 6 gives a description of the actual simulation tool that was created as a 
part of this project and explains how it works. It describers what inputs are required from 
the user and what kind of outputs should be expected. It also shows the inner workings of 
the program, explaining the underlying processes to the reader. 
 Chapter 7 discusses the results obtained from the simulations, while using trial 
data from the real world. It answers the two major optimization questions set in the 
earlier chapters. It also discusses why the simulation results can be subject to 
interpretation and support different statements about the current company policies. 
 Chapter 8 provides a conclusion to the project, evaluating the key findings and 
discussing the suggestions, which were made in the light of the newly available 
information. It will also discuss the limitations of the project and how its design could be 
improved. It gives a few suggestions of future studies in this field, showing where this 
problem can be taken from now on. 
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Chapter 2 
Background  
The basics of the mining business 
 Before mining can start on a site, a long and complex study has to be done on it. 
A combination of various geological activities is performed to determine various 
characteristics of the iron ore mass, including its amount, its quality and the technical 
details, concerning the possible difficulties in mining. It is important to know how deep 
the ore lies in the ground, and how solid or distributed the ore body is, in order to choose 
the appropriate method of exploitation, which may be either open or shaft-oriented. It is 
also important to know what surrounds the ore, to estimate the needed technological 
capacity, which machines and how much manpower to use. Also it is very important to 
know in which form the iron ore lays in the ground. There are two main types of iron ore 
in Kazakhstan, magnetite (Fe3O4) and hematite (Fe2O3). The two types require different 
chemical and physical procedures in order to turn ore into the iron concentrate, and the 
inevitable losses of iron, which happen in these processes, are different as well.
5
 
 The main principle of the geological work on the site is the gradual lessening of 
the scale of search.  It starts on a very broad level and slowly focuses on the specific area, 
going from “province” to “area”, then to “field”, then to a specific site, and later to the 
specific body of ore in the site. 
 Currently in Kazakhstan the broader scale geological searches are finished. In the 
times of the Soviet Union, the geological study of all of the republic’s territory had been 
performed in a scale of 1:1’000’000, then 1:200’000, then 1:100’000. This means that the 
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ore “provinces”, “areas” and “fields” are already determined. The first thing, which needs 
to be conducted, is a geological search of a site in the “field”. This search is concerned 
mainly with finding prospective sites, which can be mined. However, in Kazakhstan this 
is the business of the government-employed companies. After the prospective sites are 
found, the privately-owned mining companies can start looking at them to see if they feel 
if any of the offered sites look suitable. When more than one company wishes to obtain 
the rights to mine, a bidding process is held, and the government decides on which 
company is fit to get the mining rights. This decision is made, based on the companies’ 
capacity (size, manpower) and its access to various technologies. The mining companies 
often want to do a more thorough geological study on the site, due to their own financial 
interests. 
 A study is divided into two parts, the preliminary investigation, which is 
conducted before the mining starts, and the exploratory investigation, which is conducted 
alongside the actual mining. The former is the key to the company’s decision on whether 
the site should be mined or not. Should the winner of the bid decline the government 
contract after the preliminary search, the next runner-up is offered the same. At this point 
it is not uncommon for the two to exchange the information (often for a price).  
 The exploratory investigation is useful, because it often reveals important details 
about the nature of the ore, which cannot be gained in the course of a preliminary 
investigation in any other way. Depending on the results of the exploratory investigation, 
the mining can be prolonged, altered of even halted, if the circumstances so dictate (e.g. 
if is the ore turns out to be not as rich as originally thought).
6
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The basics of preliminary geological investigation 
 There are three main groups of geological investigation procedures: geological 
study, geochemical study and geophysical experiments. Together, those methods can give 
an estimate of the nature of the ore site.
7
 
 Geophysical methods
8
 are based on the fact that due to different structure of the 
elements, various components of the earth have different physical properties. The method 
is concerned with the natural physical fields that ore emits, such as gravitational, 
magnetic, electric, radioactive and electromagnetic. Other important properties, which 
can help are changes in heat absorption patterns of the earth and the difference in the 
patterns of the natural seismologic movements. The standard procedures for dealing with 
those physical phenomena are: 
 Magneto-metric and electro-metric measurement methods study the magnetic 
fields of the region. Almost all of the iron ore in Kazakhstan has magnetic 
properties, so the presence of them in area can be determined by certain magnetic 
patterns, which often classify as a natural anomaly. Also, sometimes, the human-
produced electric waves are sent thought the ground and based on their they 
return back (“bounce back”), a geologist can judge the nature of the ground. 
 Gravitational methods study the gravitational properties of the earth. This method 
is very complex and the patterns are usually very subtle, uneasy to detect. It is 
often applied for the non-magnetic iron ores, so as a result of this, it is seldom 
used in Kazakhstan. 
                                                 
7
 Gordon, Demitri. (2004). Modern methods of extraction of natural recourses. Paris, France. The Mining 
School of Paris, Natural Recourse Center, Division of Geo-mechanics and Extraction 
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 Ushakoff, Nikolai. (2007). Science Project Report: Complex methods of evaluation of ore quantity in a 
mining site. Ust-Kamenogorsk. Ministry of Industry and Trade of Republic of Kazakhstan 
- 16 - 
 Seismologic search is based on the fact that iron ore responds to the natural 
seismological impact differently than other elements of the earth. The patterns of 
the seismological oscillations are studied and the conclusions about the structure 
of the ore body (whether ore lies in bulk pieces or is scattered in the sandy ground) 
can be drawn from them. 
 Geochemical methods
9
 are based on the fact that in the areas, where iron ore lies, 
certain chemical elements are more common than others. This is deeply rooted with the 
geological theory of the migration of the chemical elements in the earth’s crust. 
According to the theory, some elements other than iron can be found around it in greater 
quantities than usual. These elements and compounds involving them are called 
“indicators”. Geochemical search is concerned with the study of these indicators and is 
searching and exploring them in the earth, in water, in flora and even in animals. The 
geochemical methods are divided into four main groups: 
 Litho-chemical search investigates the elements of ore and indicator elements in 
the crust of the earth. It is primarily concerned with the presence or absence of 
certain compounds, such as various metallic salts. 
 Hydro-chemical search is similar to the litho-chemical, but is concerned with the 
search and study of the ore-forming elements and indicator elements in water 
bodies around the supposed ore sites. Again, high or low levels of certain 
chemical elements might tell geologists something about the nature of the ore. 
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 Biochemical search is focused on the study of living organisms in the area – 
primarily plants and animals. Abnormally high levels of iron and other elements 
in the organisms can tell a lot about the nature of the ore too. 
 Atmospheric geochemical methods study the air in the area of the ore site. 
 Geological methods of search and exploration
10
 are often more  analytical work, 
instead of the chemical and physical experiments. It is based primarily on the historic 
data and scientific assumptions. Those methods include: 
 Analysis of the present geologic, geomorphologic, tectonic and other maps of the 
area, and comments to those maps, made by the geologists of the past, and search 
for certain geologic pattern, which may indicate an ore body in earth’s crust. 
 Metalogenic maps indicate the geologist’s predictions of the iron ore distribution 
and are made with regard to historic data and are not certain. 
 The method of earth drilling where ore samples are extracted and studied 
statistically for their properties, which enables experts to find out about the iron 
ore characteristics, concerning its quality. 
 After all the data from geological, geophysical and geochemical research is put 
together and analyzed, the geologists make their final prediction about the ore site. The 
prediction maps are drawn and quotes are given. The company must then decide on 
whether it wants to invest in the site or not. 
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Three types of drilling tests: 
 Drilling and extraction of samples is the most important part of the preliminary 
research.
11
 Drilling allows making accurate estimates of ore quality and also predicts the 
amount of ore in the ground, through a process called “contouring”. Drills go down in 
different places, to different depths and extract samples, which allow seeing where in 
earth’s crust ore lays and where there is nothing but sand and dirt. Central to this study is 
to determine the “border” spots, the places where ore ends and dirt starts and vice-versa. 
 
Fig#1 – Contouring 
 
 
Based on the acquired contours, it is possible to estimate the total amount of ore in the 
site. 
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 The cost of the drilling operation depends on how many drills are used, how much 
time it takes to do the drilling and how many samples must be extracted per one location. 
Therefore the drilling tests are divided into three different categories: C1, B and A. 
In the A-test the distribution of drilling locations per square kilometer, or the “drilling 
net” is very dense, while in C-test it is rather loose. This means that A-test will require 
either more drills or more time to be conducted. Therefore the A-test is most accurate, but 
costs the greatest amount of money among all tests. C1 test is the cheapest and least 
accurate and B-test is average cost, average accuracy. 
 
Fig#2 – Drilling Net 
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However, it is important to keep in mind that in the process of contouring, the geologists 
tend to underestimate the size of the ore body, believing that it is better to promise less 
and get more than for it to happen the other way round
12
. For example: 
 
Fig#3 – Prediction Bias Origins 
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This leads to a consistent bias in the estimates, which will be discussed in chapter 4. 
One of the reasons for the Kazakhstan’s geologists to be conservative is the sadly known 
case of the Bostorgai mining site.
13
 
 
Fig#4 – Bostorgai Case 
 
After this case, the experts became very careful in their judgments. 
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Chapter 3 
Problem Description and Methodology 
 Before the mining can start, one must estimate the mining site’s yearly output14. A 
site from which only 3 million tons of ore are to be extracted annually will require a lot 
less manpower and technology than the one from which output will be in the range of 8 
million tons a year. Since it is never known how much ore really lies beneath the ground, 
this estimate is based on the geological prediction, which is acquired through methods 
described in previous chapter. Typically, the company decides to extract a certain fixed 
fraction of this predicted amount every year.  
 Out of all the factors, which influence this decision two most significant ones are 
at conflict with each other. The first factor is the cost of extraction. The principle of the 
economies of scale, also called the principle of diminishing marginal cost finds its 
application in many industries, and mining is not an exception. The cost of mining does 
not grow linearly, and each extra ton costs less to extract than its predecessor. The 
maximum cost efficiency is reached at about 10 to 12 millions of tons per year, after 
which the cost function “flattens out”15. 
 
 
 
 
 
                                                 
14
 Zyabkin, Alexander (Mining Bureau’s Chief Geologist). Main topic: the nature of costs, associated with 
mining projects. 25-Dec-2007. Almaty, Kazakhstan. In person 
15
 Zyabkin, Alexander (Mining Bureau’s Chief Geologist). Main topic: the nature of costs, associated with 
mining projects. 25-Dec-2007. Almaty, Kazakhstan. In person 
- 23 - 
Fig#5 – Cost Function 
 
 
For this reason, the mining companies try to make the extraction numbers as large as 
possible By doing so, they lower the cost of the ore, thus increasing profits. 
 The second factor is the risk of running out of ore too soon. A typical ore-mining 
contract with the government lasts 25 years, but can be extended. By the rules of the 
contract the mining company must have a constant output; otherwise it would be subject 
to governmental fines and sanctions. There is also an intangible damage in this situation, 
which is damage of the company’s reputation as reliable, which might make it difficult to 
find contracts in the future. The untimely liquidation of the mining site’s equipment also 
becomes a financial problem. This factor requires the companies to be cautious, and not 
to make extraction quotas too large. 
 This presents us with an optimization problem. Which factor is more significant? 
Companies which favor the first factor over the second and are more aggressive will 
make the extraction quotas relatively high. Those who emphasize the second factor are 
more conservative. 
 As it was discussed in the previous chapter, there are three different tests, which 
can be performed, in order to get the total ore amount estimate. These are A, B and C1. 
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“A” is the most expensive and precise and “C1” is the cheapest and least precise. The 
company decides on which test to perform. The questions that this project is trying to 
answer are: In a given set of circumstances, which of the tests maximizes the profits? 
Under each of the tests, what is the best estimate for the yearly output? 
 In order to answer these questions a simulation-based decision-making tool was 
created. This tool is able to model the uncertainty statistically and calculate the expected 
profit or loss. There are three major steps, in which this was accomplished: 
1. I found a way to model the uncertainty, associated with prediction of total amount 
of ore in the site. A way to model the probability of over- or under-estimation of 
deposits was the first critical step in the creation of the tool. This model will  be 
referred to as the error function. 
2. The cost of extraction or ore function was determined.   Economies of scale exist, 
and the nature of this function was determined. 
3. Various technical aspects, associated with the ore mining were specified. This 
helped to significantly enrich the model. 
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Chapter 4 
Analysis of data 
 As it was mentioned in the previous chapter, the first step toward the creation of 
the risk-assessment tool is finding a proper and reasonable way to estimate the prediction 
uncertainty. The goal of this chapter is to describe this process, and let the reader know, 
where the  numbers and figures come from. 
 There is a set of historical data available to me
16
. Due to the issues of 
confidentiality the entire set cannot be revealed in this project, however, the structure of 
the data can be shown in this sample: 
 
Table #1 – Data Structure  
Site's name Prediction Fact Province Terrain Area Test 
Velikhovka 95.56 110.818 Astana Steppe 11 C1 
 
 
Site’s name: official name given to the ore site by the government agency. 
Prediction: the amount of ore that was predicted to be in the site before the mining started. 
The number is in millions of tons of ore. 
Fact: the amount of ore that turned out to exist. This number comes from results of 
exploratory study, described in the previous chapter. The number is in millions of tons of 
ore. 
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Province: The province in which the site is located. Iron ore of Kazakhstan primarily 
comes from four provinces: Astana, Kostanai, Aktobe and Karaganda. 
Terrain: The type of terrain on the ore site. There are three main types of terrain in these 
areas, which are steppes, semi-deserts and mountains/hills. 
Area: The area of the mining site. The number is in hectares. 
Test: What kind of test was performed on the site, prior to mining? 
There are 1070 data points. The task now is to organize and analyze the data, in order to 
answer our capacity planning problem. 
 The thing that interests us the most is how well the predictions match with the 
facts. As we see from the one sample above, the ore deposits were in fact underestimated. 
This might have made the mining company too cautious, costing them money. So in 
order to obtain the first point-estimator, I took the mean of the (fact/prediction) ratio, for 
all data points. For these 1070 points the average ratio is 1.045. This is a good start, but 
since this is only the average,  I must also know the nature of this function’s probability 
distribution, in order to correctly estimate the probabilities of falling short, or being to 
cautious. In the interview that I have had with the geologists of the Mining Bureau I have 
verified that the mistake on the prediction of the total ore quantity is in fact distributed 
normally and follows Gaussian bell-shaped curve
17
. 
 So, in order to get the standard deviation of the population, I  simply take the 
standard deviation of all points, (which is 0.085) and use it as the standard deviation 
estimator. With 1070 points involved, this would be a very good guess.  This approach, 
however, would lead to misinterpretation of data, because it would ignore the fact that 
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this standard deviation most certainly depends on the province, terrain, size and 
geological test performed on the site. This approach will provide a very limited amount 
of useful knowledge, but would result in high precision and accuracy of calculation. 
 The other option would be to divide the data into sub-groups and compute 
separate mean values and standard deviations. However, it is hard to say, whether the 
point should be divided into sub-groups based on size, province, test performed or terrain. 
All divisions seem reasonable, so why should one be preferred over the other? This 
approach would lead to an arbitrary decision and therefore is unreasonable. 
 The last option would be divide the data into completely unique sets, for any 
kinds of circumstances. However, since there are 4 different provinces, three different 
sizes, three different terrain types and three different tests, which can be performed, this 
will lead to the creation of 108 sub-sets! This means that on average, each sub-set would 
have 10 data points. However, since this is only an average amount, this means that some 
sub-sets will have about 15 points, while others only 2. Some sub-sets will be completely 
empty! This approach is opposite to the first method: is would provide a lot useful 
information, but make it impossible to compute the standard deviation values with a 
desired degree of accuracy and precision. 
 So, what to do? After much careful thought I have found a solution, which will 
allow for a compromise between the quality and quantity of useful knowledge, which can 
be gathered from analysis of raw data. What I want to know is how the factors, such as 
the size, location, terrain and test type influence the difference between the “fact” and 
“prediction”. In order to find this out, I will perform a mathematical regression18 on the 
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uncertainty factor function. This mistake function should not be confused with the 
prediction uncertainty function, which I’ve talked about earlier, for its Y variable is 
computed differently. 
 The Y-value of the regression will be the error of the prediction, percent-wise, 
the formula for which will be Y= absolute value of (100% *(forecast – 
reality)/forecast). This is not the original (fact/prediction) ratio, which I’ve talked about 
earlier. This Y-value will be regressed against the “dummy” variables, for province, size, 
terrain, and test type. In each of the categories there will be appropriate number of 
variables. For example, in testing  how terrain influences uncertainty, there will be three 
variables: Steppe, Semi-desert and Mountains.  
 Inside each category only one of these variables will be equal to one and another 
will be equal to zero for one entry. For example, the mine is in Aktobe province, is 
located in the steppes, has large size, and had a C-class test performed on it, its “dummy” 
variables
19
 will look like this: 
 
Fig#6 –“Dummy” Variables 
 
 
Then, the regression will be performed. As it happens in regressions, each of the 
variables will receive a coefficient. If a certain variable has a positive coefficient, it 
means that it increases the uncertainty, and vice versa. For example if it will turn out that 
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variable “Steppes” has the coefficient of -1 and variable “Semi-deserts” has coefficient of 
+2, it will mean that being located in steppes decreases the uncertainty by one percent, 
while being in semi-deserts increases it by two percent. An “intersection” coefficient will 
also be calculated. By taking its value as a starting point and adding the appropriate 
coefficient values, the final value of uncertainty can be found. 
 The first regression was performed, without including the “size” variable, since I 
originally believed that the size doesn’t play a big role. The regression output was this: 
 
Fig#7 – First Regression Output 
 
 
The interpretation of the results would be the following.    
 The intercept of uncertainty is at 4.09%. This is the value, which we must start 
with, while performing the calculation of the uncertainty.  
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 Being in Astana reduces that uncertainty by approximately 0.62%. Being in 
Aktobe or Karaganda reduces it by 0.39% and 0.67%, respectively and being in Kostanai 
doesn’t change it. 
 If the site is in mountains, the uncertainty remains the same; however, being in 
either steppes or semi-deserts will increase the uncertainty by 1.43% or 2.25%. 
 If an A-class research has been done, the uncertainty is reduced by 0.81%, if B-
class research has been done, it remains the same. However with C1-class research, 
uncertainty grows by 4.27%. 
So, as we see, the quality of research is the most important parameter, the terrain is 
important as well, and the location (province) doesn’t play a very big role. 
 
Further regressions 
In order to enrich the analysis, I have decided to include the ore site’s size as a factor. 
The “size” factor is divided into three categories: “small” (under 5 hectares), medium (5 
to 12 hectares) and large (more than 12 hectares). The results of the regression are: 
 
Fig#8 – Second Regression Output 
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We can see that the results are somewhat different from the previous regression, in which 
the size of the mine site was not included. 
 
Fig#9 – Coefficient Difference 
 
However, this was expected since the introduction of the new variables can alter the 
value of the “older” ones. There has been a significant improvement in the R-square 
value, which means that the newly included factor is influential. 
 
Fig#10 – R-squared Improvement 
    
 
So as the result of the regression, the data is split up into 108 different sub-groups for 
each unique case. Each case has its own “uncertainty” value. 
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The uncertainty values in Astana province for all possible circumstances are shown in 
Table #2. 
 
 
Table #2 – Uncertainty in Astana 
 
Province Terrain Size Test Uncertainty (%) 
Astana Steppes Large A 2.5290271 
Astana Steppes Large B 3.4494832 
Astana Steppes Large C1 7.5099221 
Astana Steppes Medium A 2.804807 
Astana Steppes Medium B 3.7252631 
Astana Steppes Medium C1 7.785702 
Astana Steppes Small A 4.5728362 
Astana Steppes Small B 5.4932923 
Astana Steppes Small C1 9.5537312 
Astana Semi-desert Large A 3.8673242 
Astana Semi-desert Large B 4.7877804 
Astana Semi-desert Large C1 8.8482193 
Astana Semi-desert Medium A 4.1431042 
Astana Semi-desert Medium B 5.0635603 
Astana Semi-desert Medium C1 9.1239992 
Astana Semi-desert Small A 5.9111333 
Astana Semi-desert Small B 6.8315894 
Astana Semi-desert Small C1 10.892028 
Astana Mountains Large A 1.1341709 
Astana Mountains Large B 2.054627 
Astana Mountains Large C1 6.1150659 
Astana Mountains Medium A 1.4099508 
Astana Mountains Medium B 2.3304069 
Astana Mountains Medium C1 6.3908458 
Astana Mountains Small A 3.17798 
Astana Mountains Small B 4.0984361 
Astana Mountains Small C1 8.158875 
 
The complete set of uncertainty values are available in Appendix A. 
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 Now, I have to find a way to transfer those “uncertainty” values into the standard 
deviation values for each case. In order to do that, I must look deeper into the 
mathematical properties of the regression. 
 The important thing to understand is that each of the coefficients (terrain 
coefficients, province coefficients etc.) of the “Uncertainty” represents the average values 
only. This is so due to the way in which any regression is conducted, which is the method 
of least squares. When a function is linearly regressed, the formula of the regression is 
computed in such way, that the total sum of squares of mistakes (the difference between 
what the values should be in the model, compared to what they really are) is minimal
20
. 
Speaking graphically, when a line passes though a set of points, it should pass so, that the 
sum of the distances between the line and each of the points is minimal. Intuitively, this 
means that the line should pass through the “middle” of the points. 
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Fig#11 – Regression Nature 
  
 This means that when performing such regressions, while dealing with large 
numbers, such as 1070 points, about half of the data points would naturally be above the 
line and half of them would be below. This means that in real-life terms, half of the 
points in each of the 108 unique sub-sets will have a higher “Uncertainty” value, than one 
presented in the tables above, and half will have it lower. This is typical for any number, 
which represents an average value. 
 Other important thing to remember is that we are still dealing with normal 
distribution here. The ratio, which served as Y-value in the regression is practically 
derived from the original (fact/prediction) ratio, which means that the Gaussian 
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assumption holds. So if we want to say that half of the probability space is within certain 
boundaries, in the bell-shaped curve of normal distribution it will look like this
21
: 
 
Fig#12 – Gaussian Bell-shape 
 
 
The area of 0.5 in enclosed between the positive and negative “Uncertainty” values, 
which according to the Normal distribution tables represent +/-0.67 of a normal deviation. 
This means that in order to get a specific standard deviation for each unique case, we 
must multiply the “Uncertainty” value by 1.5. Therefore the distribution model, which 
will be used in this project for the prediction of the actual amount of ore in the mining 
site, will be the Normal Distribution with the province’s average of actual to predicted 
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ratio as the mean, and the corresponding “Uncertainty” value multiplied by 1.5 as 
standard deviation. 
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Astana province 
 
Mean value= 1.03 
 
Standard deviation: 
 
Table #6 –Standard Deviation in Astana 
 
Province Terrain Size Test 
Standard 
Deviation 
Astana Steppes Large A 0.037935406 
Astana Steppes Large B 0.051742248 
Astana Steppes Large C1 0.112648831 
Astana Steppes Medium A 0.042072105 
Astana Steppes Medium B 0.055878946 
Astana Steppes Medium C1 0.11678553 
Astana Steppes Small A 0.068592542 
Astana Steppes Small B 0.082399384 
Astana Steppes Small C1 0.143305967 
Astana Semi-desert Large A 0.058009864 
Astana Semi-desert Large B 0.071816705 
Astana Semi-desert Large C1 0.132723289 
Astana Semi-desert Medium A 0.062146562 
Astana Semi-desert Medium B 0.075953404 
Astana Semi-desert Medium C1 0.136859988 
Astana Semi-desert Small A 0.088667 
Astana Semi-desert Small B 0.102473841 
Astana Semi-desert Small C1 0.163380425 
Astana Mountains Large A 0.017012564 
Astana Mountains Large B 0.030819405 
Astana Mountains Large C1 0.091725989 
Astana Mountains Medium A 0.021149262 
Astana Mountains Medium B 0.034956104 
Astana Mountains Medium C1 0.095862688 
Astana Mountains Small A 0.0476697 
Astana Mountains Small B 0.061476541 
Astana Mountains Small C1 0.122383125 
 
Values for the complete set of circumstances are available in Appendix B 
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Chapter 5 
Creation of the Decision Tool: Technical and Financial Aspects 
 Before the simulation-based tool can be created there are a number of financial 
and legal aspects, which need to be covered. These aspects must be integrated into the 
decision tool , in order to make the analysis closer to real life and thus more valuable. 
This chapter discusses these aspects. 
 First, there  is the cost of ore extraction, which is a variable cost. An interview 
with a geologist expert
22
 has revealed that my original thoughts on the ore’s cost function 
were wrong. Although it is true that the pure cost of extraction of ore from the ground has 
an exponential form as I have expected, it is not the cost that I should have been taking 
into account. For most mining companies in Kazakhstan it is a lot more profitable to sell 
the ore concentrate instead of the unprocessed ore
23
. Therefore, most mining sites have 
their own equipment, which turns the 30%-35% ore into 65% concentrate. In a typical 
process, due to the technical reasons about 20% of ore is lost, so in order to get one ton of 
concentrate one would need about 2.5 tons of “raw” ore24. It is this cost of turning raw 
ore into concentrate that I should focus on. It turns out that for various reasons, this cost 
follows a function, which is almost perfectly linear. The total cost of manpower, 
equipment, energy and other things used in the enrichment of ore is directly related to the 
amount of ore processed. 
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 The first thing to remember is that economies of scale are still present. Higher 
annual extraction amounts will lead to smaller cost per ton extracted and processed. 
Here are typical costs, depending on the amount
25
: 
 
Table #10 – Ore Extraction and Processing Costs 
Yearly capacity  
(millions of tons of raw ore to process) Final cost per ton of concentrate in $ 
 1 40 
2 39.4 
3 38.5 
4 38 
5 37.3 
6 36.5 
7 36 
8 35.4 
9 34.7 
10 34 
 11 33.3 
12-15 32.5 
   
These values are not exact of course but the numbers are very typical and it reflects the 
fact that it is nearly impossible to lower the cost of concentrate after you reach 12 million 
tons. The graph of this relationship looks like this: 
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Fig#13 - Ore Extraction and Processing Costs Graph 
 
 
 
The best equation for this function is the linear form with formula: 
Cost = 60.65 – 0.7*X (X=Number of tons in millions) for 1<X<12 
         = 42.5 for X>12 
Currently the market price of 65% ore concentrate is approximately $120 and according 
to experts will be stable at for the next five years, after which it will move to a lower 
price.
26
 Another important thing to mention is that apart from normal taxes all companies 
in Kazakhstan pay “royalties” – a fixed yearly sum, the funds from which go to the social 
development of the region. 
 It has also been revealed that the size of the initial investment, which is a fixed 
cost, also follows a linear form. However, the trend of the line is positive, meaning that 
higher annual capacity leads to more investments. Unfortunately, it was impossible to 
come up with a formula for the initial investment, due to the fact that in mining, each 
case is highly individual. However, knowing the general form helps in the creation of 
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simulations. For example, if we know that a $100,000,000 investment is required to reach 
the yearly capacity of 10,000,000 tons of raw ore, it is safe to assume that extraction of 
20,000,000 tons will cost $200,000,000
27
. This will help in the formulation of strategies, 
since we would only need one data point on this line to find out everything we want to 
know about it. 
 The cost of geological tests must also be taken into account
28
. Since there is little 
variation of these costs between different sites, I deal with it in terms of averages. 
 
Table # 11 – Geological Tests Averages 
Test Type Cost per hectare 
A $710’000 
B $320’000 
C1 $170’000 
 
The costs must be multiplied by the site’s area in hectares and added to the initial 
investment. By doing so, we will be able to observe whether the increase in accuracy of 
prediction will result in financial improvement. 
 The royalties and social payments must be integrated into the model as well. In 
Kazakhstan, a special premium called “royalty” must be paid by the mining firm to the 
government. In addition to that, there also exist social payments, such as a tribute to the 
development of the region, tribute to the training of qualified specialists, tribute for the 
development of the capital city and others. These payments are calculated as a percentage 
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of the extraction costs, and are deducted before the regular corporate taxes. Typically it is 
around 10%. This value will be calculated automatically. 
 The penalties for the failure must be taken into account. Since every mining 
project is supposed to help the region in some way or another (e.g. creating jobs and 
opportunities for local population) sudden stop of production will inevitably hurt more 
people than the mining company itself. By the law, such failure is penalized by the 
government. Usually such penalty is a fixed sum of money and it is very specific for each 
site. This makes it impossible to model it in an automated process, so the user will have 
to input this amount manually. 
 The time-value of money must also be taken into account. Minimum Attractive 
Rate of Return (MARR) must be taken into account to stress the fact that one dollar spent 
in first year is more valuable than one dollar received in year five. This can also account 
for inflation and interest rates. The user must be able to alter this value. 
 The main measurement of success for most mining firms is the Return On 
Capital Employed (ROCE).   This measure is used to track the efficiency, with which the 
money is invested, and most firms consider a mining project successful if the ROCE is at 
least 10%. This value must be calculated automatically and presented to the user. 
 In order to evaluate different mining strategies, I must first explain how those 
strategies are obtained. The general formula for this is X*(predicted amount)/25, where 
25 represents the number of years an average contract last, and X is the decision variable. 
Larger X would mean greater annual extraction. In a way each strategy assumes that we 
are mining with expectation that the geologist’s prediction is over-/underestimated. The 
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aggressive company would make the X-variable higher (i.e. >1) and the conservative firm 
would make it lower (i.e. <1). The strategies that were tested are: 
 
Table#12 - Mining Strategies 
Strategy Name X 
Most conservative 0.80 
Very conservative 0.85 
Moderately conservative 0.90 
Slightly conservative 0.95 
Null strategy 1.00 
Slightly Aggressive 1.05 
Moderately Aggressive 1.10 
Very Aggressive 1.15 
Most Aggressive 1.20 
 
In the actual simulation all the strategies were tried out for each of the geological tests, 
and then the results were compared and certain patterns detected. Currently, the 
conventional strategy
29
 of the Mining Bureau is: 
 Always go for the A-test. 
 Use the slightly Conservative strategy. 
Notation and Formulas 
I will now describe the formulas by the means of which the calculations are concluded. 
First of all, the fixed values which are determined by the user, but are not decision 
variables are: 
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Table#13 – Fixed Values 
Variable Name Variable Acronym Comments 
Size N/A These are all discrete variables. They 
are described in the Chapter 4. They 
determine the standard deviation of 
the “error function”. 
Terrain N/A 
Province N/A 
The predicted amount of 
ore 
PRED This variable – the prediction is what 
the actual amount of ore will be 
simulated from. 
Area of the mining site AR  
The initial investment that 
the Null-strategy would 
require 
IINS This is where the investment function 
will be calculated from. 
Failing penalty (annual) PEN This is the amount that one would 
have to pay to the government every 
year if promised production is not 
met. 
Minimum attractive rate of 
return 
MARR This allows me to take the time-value 
of money into consideration. 
 
 
Next, the decision variables 
 
Table#14 – Decision Variables 
 
Variable Name Variable Acronym Comments 
The class of geological test 
that will be performed on 
the site. 
T This is a discrete variable. It 
can only be A, B or C1. It 
affects both uncertainty and 
initial investment costs. 
The extraction coefficient X This extraction coefficient 
determines the annual 
extraction. 
 
The one random variable that the model uses is the actual amount of ore in the mining 
site. It is modeled as a Normal Distribution, with the mean and standard deviation derived 
according to the procedure described in chapter 4. Its acronym is AAO.  
Lastly, the calculated and derived variables are given in Table # 15 
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Table#15 – Calculated Values 
Variable Name Variable Acronym Formula 
The cost of test per hectare CTPH This value is derived directly from 
the “Test” decision variable. 
Discrete variable.  
A=710’000, B=320’000, 
C1=170’000 
The total cost of the geographical test TCT =CTPH*AR 
The annual extraction under the Null-
strategy 
AENS =PRED/25 
The initial investment coefficient INIT_INVEST_C =IINS/AENS 
The annual extraction amount of ore, for a 
given scenario 
AEA =(X*PRED)/25 
The actual initial investment that one would 
have to make in order to be able to extract 
that amount in a given scenario 
AII =AEA* INIT_INVEST_C 
The total initial investment one would have 
to make in a given scenario (including the 
cost of tests) 
TII =AII+TCT 
The amount of ore left in a mining site at 
the end of year “t” 
OL =AAO-t*AEA 
The extraction costs per ton of ore ECPT = 60.65–0.7*AEA/1000000 for 
1<X<12 
= 42.5 for X>12 
Only if OL>0 
Otherwise =0 
The annual extraction costs in year “T” AEC(T) =ECPT*AEA 
Only if OL>0 
Otherwise =0 
The annual royalties and social taxes in year 
“T” 
R(T) =0.1*AEC 
Only if OL>0 
Otherwise =0 
The penalties for failure in a given year “T” PEN(T) 
 
=PEN if OL<=0 
=0 if OL>0 
The revenue in year “T” REV(T) =(AEA/2.5)*120 
Only if OL>0 
Otherwise =0 
The cash flow in year “T” CASH(T) =[REV(T) – R(T) – AEC(T) – 
PEN(T)] 
It is the cash flow from previous 
year with the current  year’s 
profit/loss added to it 
The Return On Capital Employed ROCE =(Sum(Cash flow)*(Present 
Value/Future Value, MARR, 
year)/25)/Initial Investment 
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 It is important to note that ROCE is not a typical performance measure. However, 
it is closely related to Net Present Value, a more conventional figure for most companies. 
The basic idea behind the NPV is that the money that one has today is more valuable that 
the same amount of money next year – the time value of money. Usually it is calculated 
in terms of fractions, with the formula given above, namely “Cash Flow in Year T+1 = 
Cash Flow in Year T * (1-MARR)^T. For example with MARR of 10%, the value of one 
dollar received in a year is 90 cents, and the value of the dollar received in two years 
from now is 81 cents. This is why we say that the yearly cash flow is discounted with 
respect to MARR. The “Revenue*(P/F, MARR, h)” notation means that the cash flow has 
been recalculated from future value to present value, with respect to MARR and the 
number of years. A typical performance measure, NPV is equal to the sum of the 
discounted cash flow through all years, minus the cost of the initial investment. The 
ROCE, the Mining Bureau’s preferred performance measure is equal to the average 
discounted cash flow divided by the initial investment. The diagram on the next page 
demonstrates that, as well as how the class of a geographical test impacts the ROCE 
value. 
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Fig#14 – ROCE Defined 
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   My claim is that using a more expensive test lowers the probability of running 
out of ore on a given year and the probability of running out of ore in general. To 
illustrate this point, let’s look at the following example. Suppose that believe that a 
certain mining site contains 25 million tons of iron ore and we decide to mine one million 
tons per year for a period of 20 years. That means that in order for us not to run out of ore, 
the mining site must contain at least 20 million tons of ore. Therefore anything below 20 
million tons will cause penalty costs. 
 As it was explained in Chapter 4, the actual amount of ore in a site is distributed 
normally with its mean approximately equal to the predicted amount. We also recall from 
Chapter 4, each test has its own uncertainty associated with it. Compared to A-test, B-test 
and C1-test both have their standard deviations greater by 1.38% and 7.47%. We know it 
from statistics that as standard deviation of the normal distribution increases, the bell-
shaped probability graph “flattens out”. This means that the area to left of the minimal 
amount, which is needed to operate without penalties (20 million tons), or out “danger 
zone” grows as the geological test becomes more uncertain and less expensive. See the 
figure on the next page. 
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Fig#15 – Effect of the Test 
 
 This increase in the probability of running out of ore and thus losing revenues, 
while facing penalties leads to decrease in the cash flow on year 25. On the contrary, 
using a more expensive test will improve the cash flow. 
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 The formula for computing ROCE is a fraction, with cash flow in its numerator 
and cost of initial investment in its denominator. As I have just shown, using a more 
expensive test increases both. Therefore the problem is to find out whether the result of 
increasing denominator and numerator is overall positive or negative. 
 Next, I will explain how changing the strategy from conservative to aggressive 
affects the cash flow. Let’s look at another example. Let’s say that the prediction is 100 
million tons, the time period is 10 years and the test type is now fixed, and we are trying 
to decide on the X-coefficient, and thus the early quotas. Suppose there are two different 
options available to us: X=0.9, (mining 9 million tons per year) or X=0.8, (mining 8 
million tons per year). Under the former strategy we would need at least 90 million tons I 
order to avoid penalties, while the former would require 80 million tons. The shift from 
one policy to another changes the size of the “danger zone” discussed earlier. 
 
Fig#16- Effect of Different Strategies 
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The increase of the “danger zone” decreases the cash flow and hence decreases ROCE. 
 However, it also important to remember that there is economies of scale are 
present in the ore extraction and processing costs. The formula for these costs is “50.65–
0.7*Annual Extraction Amount/1000000”, which means that increase in extraction will 
decrease the extraction costs. Although 70 cents per ton doesn’t look like a large figure, it 
does make a huge difference when dealing with millions of tons. This factor makes the 
more aggressive strategy more lucrative. 
 Another important thing to note is that if you choose your X-factor to be 0.8 and 
mine 8 million tons per year, and in reality the deposit is 90 million tons, it means that 
after ten years, 10 million tons will remain. One could say that you can always mine that 
leftover amount later, but this would be equivalent to not taking the time-value of money 
into account. The principle of time-value says that one dollar made/lost on year 1 is more 
valuable than the same dollar made/lost on year 2. The size of this difference is 
determined by the Minimum Attractive Rate of Return
30
 (MARR). MARR equal to 10% 
would mean that every dollar made in year (T) is worth only 90 cents of a dollar made in 
year (T-1), the previous year. Therefore to minimize the loss of money, associated with 
MARR, need would need to get the total amount he plans to mine (=annual 
mining*number of years) as close to the actual amount of ore in mining site as possible. 
 As we see, there is conflict here also. The first factor favors a more careful 
approach, while the other two favor the more aggressive one. It is therefore necessary, by 
the means of simulation analysis to compute whether the more aggressive strategy pays 
off or not. 
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 In the light of these conflicting factors, I restate the questions that the simulation 
must answer: which test maximizes the ROCE and under each test which strategy is best? 
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Chapter 6 
 Decision Tool Description 
 Using the @RISK software package from Palisade Decision Tools
31
, a 
simulation-based tool was created. The tool collects the data from the user and presents 
him/her with the results. In this chapter I will discuss the various aspects of this tool and 
explain how it works. 
 The first thing that I will mention is that the tool exists in two forms: the User’s 
form and the Administrator’s form. The former simply gathers the inputs and runs the 
simulation. It doesn’t allow the user to see the detail and programming underneath the 
interface, and the majority of the cells that perform the calculation duties are hidden from 
user. The latter allow the user to see all the workings of the program, making it possible 
to alter certain aspects of calculation.  
 I will talk about the User’s version first, since it is the simpler one. Below you see 
the screenshot. The red numbers represent the aspects I will now discuss. 
 
 
 
 
 
 
 
 
 
                                                 
31
 Winston, Wayne. (2001). Simulation Modeling Using @RISK. Indiana University Press 
- 54 - 
Fig#17 – Simulation Tool User Version 
 
 
1. The drop-down list-boxes allow the user to choose the set of circumstances in 
which the mining is planned. As we remember from Chapter 4, these are 
important in determining the uncertainty. 
2. Here the user enters the predicted amount of ore. The actual amount of ore will be 
based on this number. 
3. This is the calculated table that the user doesn’t touch. It calculates the “Null” 
strategy, by dividing the predicted amount of ore by 25 (which represents the 
typical number of years that the contract lasts). 
4. Here the user enters the expected investment for the above annual capacity. 
Together these two numbers will allow determining the slope of the initial 
investment cost line. 
5. Here the user enters the area of the site in hectares. This will help to determine the 
total cost of the geological tests. 
- 55 - 
6. Here the user enters the penalty for a failure to fulfill the contract that may or may 
not come from the government. 
7. This is the cell to enter the MARR – minimum attractive rate of return. It will 
help in the calculation of amount money gained/lost, while taking the time-value 
of money into account. 
8. Outputs start from here. This shows the total initial investment needed. This 
includes both cost of geological tests and general expenses, such as equipment 
and buildings. 
9. This is the average yearly return of the business.  
10. This is the Return On Capital Employed ratio. This is the measure of success for 
most Kazakh mining companies. We will judge the value of each strategy based 
on this. A company is considered successful is this measure is at least 0.1 
11. This is the payback period, also called the break-even point. This measure is also 
important. 
12. This displays the instruction to the user. 
Now I will talk about the Administrator’s version, showing how these values are 
calculated. This version is rather large, so it will require three screenshots to show it all. 
 
 
 
 
 
 
- 56 - 
Fig#18 – Simulation Tool, Administrator Version 
 
. 
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1. These are lists of possibilities; they make the creation of drop-down list-boxes 
possible. 
2. Here the uncertainty coefficients, discussed in Chapter 4 are calculated. 
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3. Here the above coefficients are transformed into a probabilistic model with a 
mean and standard deviation. 
4. Here the program calculates the slope of the initial investment function. This 
allows exploring different strategies. 
5. Here the amount of royalties and social payments are calculated. The calculation 
is based on the assumption that the sum of these payments is around 10% of the 
extraction cost, which is very typical for Kazakhstan. 
6. This is the cell, where the @RISK’s RiskSimtable function is located. This 
function allows putting multiple values into one cell one by one, and running the 
simulations based on that. The values come from the table above, shown on the 
screenshot by the green arrow. The values of the annual ore extraction are 
calculated in the following way. A certain percentage of the predicted amount of 
ore is taken and divided by 25. The most conservative of these strategies places 
this percentage value at 80%, while the most aggressive assigns 120% to it. There 
are 9 different strategies to be evaluated, each of which has a 5% difference in the 
percentage value with each of the nearest strategies. The smaller box below the 
description of strategies calculates the cost of extraction per ton, based on the 
extraction cost function discussed in the previous chapter. 
7. Different strategies will need different initial investment costs to be evaluated. 
This cell calculates these values based on the annual extraction and slope of the 
investment function. 
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8. This is the cell, which calculates the actual amount of ore in the mining site, based 
on the model of Normal Distribution, with the appropriate mean and standard 
deviation. 
9. Here the cost of the geological test is calculated. It depends on what the user 
chooses in the drop-down menu at the top. 
10. This is the 25-year outline of cash flow. I will now explain each column 
individually. 
 Year – shows how far are we into the mining project. Year 0 refers to 
initial investments. 
 Ore left – this keeps track of how much ore is really left in the mining site. 
It works by taking the value from Item#8 as the initial value (see above) 
and subtracts the number from Item#6 each year 
 Is the plan working – this column keeps track of whether the value in 
column “Ore left” is still above zero. 
 Fixed costs – refers to initial investment needed on site. 
 Operating costs – refers to the costs of extraction, based on the product of 
extraction rate and the cost of extraction, which are seen above in previous 
Items. If the plan is no longer working, the value will be zero. 
 Revenue – based on the $120 per ton cost of the iron ore concentrate, 
which is the current market price. Different experts say different things 
about the future ore cost, but in this model we will assume that it stays the 
same. We must keep in mind that it takes 2.5 tons of ore to make 1 ton of 
concentrate. If the plan is no longer working, the value will be zero. 
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 The Penalty – the penalty only comes if the plan is not working and the 
amount of ore left drops below zero. It is then immediately applied. 
 Cash flow – the results of the previous columns determine the values in 
this one. As we see, the values are slowly going up. 
 Adjusted Cash Flow – this column takes the MARR into account, making 
sure that time-value of money is not disregarded, and shows values in Real 
Dollars (as opposed to Actual Dollars in the previous columns). 
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Chapter 7 
  Simulation Results 
 With the sample data provided, and the simulations run, I’ve acquired some 
results, which might helps us answer the main questions of this project, which are: 
 Which strategy is the best to use? 
 Which test is best to perform? 
 Is the conventional strategy correct?  
The conventional strategy of the Mining Bureau is to mine the (0.95*Prediction/25) tons 
of ore annually and always perform an A-test on the mining site.  
 The simulation was run on the trial data from the Bapi site, located 50 kilometers 
to the south-east of Kazakhstan’s capital, Astana.  
 Area=10 hectares (medium size) 
 Astana province, semi-deserts 
 Predicted amount of ore = 150’000’000 
 Initial investment for the “Null” strategy = $30’000’000 
 Failure penalty = $10’000’000 
 MARR=5% 
The simulation was run three times, one time for each of the tests. 
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So, after completing the simulation with the sample data, the results are the following: 
Table#16 – C1 Test Results 
Strategy 
Resulting ROCE – C1 test 
Min Mean Max 
The most Conservative 0.101315 0.099466 0.101315 
The very Conservative 0.081267 0.108964 0.112680 
The rather Conservative 0.076850 0.116648 0.123638 
The slightly Conservative 0.072068 0.122313 0.134252 
The Moderate (X = 1) 0.066820 0.125635 0.144574 
The slightly Aggressive  0.061014 0.126893 0.154646 
The rather Aggressive 0.054563 0.126465 0.164501 
The very Aggressive 0.047381 0.124822 0.174168 
The most Aggressive 0.039386 0.122557 0.183671 
Please put the x-values in the table. 
Table#17 – B Test Results 
Strategy 
Resulting ROCE – B test 
Min Mean Max 
The most Conservative 0.101346 0.104546 0.110795 
The very Conservative 0.087637 0.113991 0.122157 
The rather Conservative 0.081487 0.121636 0.133085 
The slightly Conservative 0.072777 0.127280 0.143657 
The Moderate 0.067408 0.130700 0.153885 
The slightly Aggressive  0.061698 0.131955 0.163632 
The rather Aggressive 0.057792 0.131500 0.172755 
The very Aggressive 0.052587 0.129841 0.181319 
The most Aggressive 0.046088 0.127600 0.188748 
 
Table#18 – A Test Results 
Strategy 
Resulting ROCE – A  
Min Mean Max 
The most Conservative 0.111353 0.114506 0.120771 
The very Conservative 0.096973 0.123986 0.132106 
The rather Conservative 0.089600 0.131651 0.143032 
The slightly Conservative 0.084500 0.137260 0.153600 
The Moderate 0.078500 0.140702 0.163839 
The slightly Aggressive  0.073100 0.141952 0.173642 
The rather Aggressive 0.067000 0.141492 0.182657 
The very Aggressive 0.060500 0.139840 0.191455 
The most Aggressive 0.055900 0.137583 0.199214 
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 The results tell us two important facts. The first conclusion is that data proves that 
B-test gives consistently better results than C1 test and A-test gives consistently better 
results than B-test. This means that in this case the company policy is correct and  always 
going for the A-test is a correct decision. 
 There is no stochastic dominance (define the term or use a reference) between the 
tests, but as the policy becomes more aggressive, the test’s value grows. 
 
Table #19 – B Test Dominance vs. C1 Test 
Strategy Probability that ROCE is better under B-test than under C1 test 
The most Conservative 56.39% 
The very Conservative 58.37% 
The rather Conservative 62.26% 
The slightly 
Conservative 67.64% 
The Moderate 69.81% 
The slightly Aggressive  79.38% 
The rather Aggressive 84.41% 
The very Aggressive 90.47% 
The most Aggressive 95.32% 
 
Table # 20 – A Test Dominance vs. B Test 
Strategy Probability that ROCE is better under A-test than under B test 
The most Conservative 60.90% 
The very Conservative 62.75% 
The rather Conservative 64.94% 
The slightly 
Conservative 70.10% 
The Moderate 71.89% 
The slightly Aggressive  81.30% 
The rather Aggressive 85.58% 
The very Aggressive 94.08% 
The most Aggressive 96.79% 
 
 
- 64 - 
Table # 21 – „A‟ Test Dominance vs. C1 Test 
Strategy Probability that A-test is better than C1 test 
The most Conservative 72.29% 
The very Conservative 70.17% 
The rather Conservative 76.01% 
The slightly 
Conservative 77.99% 
The Moderate 79.05% 
The slightly Aggressive  92.27% 
The rather Aggressive 96.67% 
The very Aggressive 100.00% 
The most Aggressive 100.00% 
  
 The second important result of the simulation is that Slightly Aggressive policy 
gives a consistently better mean ROCE value than the Slightly Conservative policy, 
which is the conventional tactics. This would suggest that the company is being more 
conservative than it should and that the policy should be switched to Slightly Aggressive. 
 However, it is important to keep in mind that mean values alone do not give us 
the final answer. It is important to also look at the standard deviation of ROCE results, to 
understand how it influences the risk of getting below 10%, which is the minimum 
acceptable value for most companies. This probability of not meeting a certain 
performance level is called “downturn risk”32. Since it is clear that A-test is best option, I 
now will present the downturn risk associated with each strategy under this test. 
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Table # 22 – Downturn Risk 
 
 
 
 
 
 
 
As strategy gets more and more aggressive, the downturn risk gets higher. However, 
more aggressive tactics potentially has higher rewards.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Strategy 
Resulting ROCE – A  Downturn 
risk Min Mean Max 
The most Conservative 0.111353 0.114506 0.120771 0.00% 
The very Conservative 0.096973 0.123986 0.132106 0.02% 
The rather Conservative 0.089600 0.131651 0.143032 0.31% 
The slightly Conservative 0.084500 0.13726 0.1536 1.55% 
The Moderate 0.078500 0.140702 0.163839 3.74% 
The slightly Aggressive  0.073100 0.141952 0.173642 5.59% 
The rather Aggressive 0.067000 0.141492 0.182657 7.05% 
The very Aggressive 0.060500 0.13984 0.191455 8.35% 
The most Aggressive 0.055900 0.137583 0.199214 10.79% 
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To better understand the nature of each test and strategy let’s look at the ROCE 
distribution  
 
Fig#19 – Histograms for Distribution of ROCE  
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As we can see from the histograms, the general form holds for each strategy, moving 
more and more to the right, as the test’s accuracy rises. With the conservative strategy, 
the most likely outcome is also the best outcome. As the strategy gets more aggressive, 
other scenarios become more probable, and the best-case outcome is less likely to happen. 
Instead, the distribution gets closer to “normal” shape with average value getting higher 
probability. Still even in that case, the distribution is heavily skewed to the left. This 
indicates that the ROCE’s distribution is determined mainly by the strategy, while the 
test’s class influences all values in the same way, by decreasing or increasing them by an 
approximately equal amount. 
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Chapter 8 
Conclusion 
Final Recommendation 
 Although it is often said that hard data and objective measurements must be 
valued above subjective opinions of individuals, hard data cannot always provide a 
definite answer. In the case of this project, I could not come to a final conclusion on 
whether the conventional mining strategy is better than the more aggressive one. Both 
strategies kept their typical traits, which one intuitively could guess: conservative strategy 
is more reliable and stable, while the risky aggressive strategy has higher potential returns. 
Therefore it all boils down to individual judgment, to subjective interpretation of the 
results once again. 
 On one side I could say that a higher average ROCE means that in a long run the 
returns will be higher, that if all the mining firms would adopt the aggressive strategy, the 
overall profitability would go up. Higher average means that after a great many mining 
projects are completed, the totals returns will be higher. 
 However, these statements can always be countered with valid arguments. Since  
a mining business projects last 25 years or more, and given the average human life 
expectancy, one person cannot expect to make too many of such decisions, so the 
aggressive strategy could not have enough time to pay off. Also, as the Chief Operating 
Officer stated “it is not the goal of each firm to raise the industry averages”33. Each 
company is after its own profitability, so it is understandable why some individuals 
would be cautious with their money. As the Mining Bureau’s management says, the 
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downturn risk (getting the ROCE less than 10%) must not exceed 5%. This value is 
therefore a threshold for many people. 
 Since this is the case in Mining Bureau as well, I could say that the company 
should go after the highest average ROCE value, while keeping the downturn risk below 
5%. In this case, a switch from the Slightly Aggressive strategy to Moderate strategy 
should work out fine. The average value for ROCE would go up by 0.34%, while the 
downturn risk increases by 2.19%. Still, the Mining Bureau management disagrees with 
me, saying that the switchover is not worth it, preferring to keep to the conventional 
strategy
34
. 
 However, this is not to say that the knowledge gained in the course of this project 
is useless. I could not prove that a more aggressive strategy is definitely better than 
conventional approach, but I’ve shown that it is a legitimate alternative. Even if the 
Mining Bureau’s management doesn’t agree, there might be some mining companies that 
do, and the gained knowledge can help them verify their thoughts. 
 My final recommendation is for the Mining Bureau to use this newly-found 
knowledge and tool to present its clients with the two or more different choice 
opportunities. If this is done in a non-judgmental manner and all strategies are presented 
as equally valuable methods, some clients might indeed choose the more aggressive 
strategy over conventional. Each client should be presented with a table, similar to Table 
# 22 and assisted to make his/her own decision. Based on what one considers an 
appropriate level of downturn risk, one can clearly see what strategy to take. 
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Design Limitations 
 Although the simulation tool has turned out to be rather good and valuable 
insights were gained, I’ve faced three major limitations and problems in the course of this 
project, which stood in the way of making the simulation tool more effective. Potentially 
these problems could be solved, but it would take a very long time, which I didn’t have. 
 There was no data on the distribution of ore quality. The simulation used in this 
project assumes the average quality of the ore. With a sufficient amount of data 
both quantity uncertainty and quality uncertainty could be modeled, which would  
give us  more precise results. 
 There was no data on the distribution of the cost of geological tests. As in 
previous problem, this was boiled down to averages, but it is clear that the cost of 
the tests can vary from one site to another. Knowing the nature of this variation 
could help enriching the simulation. 
 The knowledge of the initial investment function was limited. Initial investment 
on an ore mining projects consists of so many different and complex components, 
that it would be fitting to make a separate project/study out of it. The time and 
work it would take is so big, that it would not be efficient to include it in this 
project, so I’ve decided to leave this estimation to the user. If I had more 
knowledge available on the matter, it would make the simulation a lot more real-
world and valuable. 
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Future Studies 
 This project could be a starting point for a broader and deeper study in the field of 
iron ore mining. In order to go to a more valuable and rich analysis I recommend working 
on the problems listed above, namely: 
 Gather and analyze the data on the ore quality in Kazakhstan. Create a separate 
error estimation method and find the distribution model that would fit it best. 
Incorporate this model into the simulation. 
 Gather more data on the cost of geological tests and see what risks it presents. 
Find the distribution model that would fit it best and incorporate this model into 
the simulation. 
 Do an extensive study on the initial investment in the iron ore mining projects. 
Break it down into various groups, such as manpower, equipment, buildings and 
infrastructure. Create separate models for estimating expenses in each of the areas. 
Re-model the simulation tool around the gained intelligence. 
These improvements would greatly improve the usefulness of information that the 
simulation presents the end user with. 
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APPENDIX A: Uncertainty Function Tables 
 
 
The uncertainty values in Astana province for all possible circumstances. 
 
Table #2 – Uncertainty in Astana 
 
Province Terrain Size Test Uncertainty (%) 
Astana Steppes Large A 2.5290271 
Astana Steppes Large B 3.4494832 
Astana Steppes Large C1 7.5099221 
Astana Steppes Medium A 2.804807 
Astana Steppes Medium B 3.7252631 
Astana Steppes Medium C1 7.785702 
Astana Steppes Small A 4.5728362 
Astana Steppes Small B 5.4932923 
Astana Steppes Small C1 9.5537312 
Astana Semi-desert Large A 3.8673242 
Astana Semi-desert Large B 4.7877804 
Astana Semi-desert Large C1 8.8482193 
Astana Semi-desert Medium A 4.1431042 
Astana Semi-desert Medium B 5.0635603 
Astana Semi-desert Medium C1 9.1239992 
Astana Semi-desert Small A 5.9111333 
Astana Semi-desert Small B 6.8315894 
Astana Semi-desert Small C1 10.892028 
Astana Mountains Large A 1.1341709 
Astana Mountains Large B 2.054627 
Astana Mountains Large C1 6.1150659 
Astana Mountains Medium A 1.4099508 
Astana Mountains Medium B 2.3304069 
Astana Mountains Medium C1 6.3908458 
Astana Mountains Small A 3.17798 
Astana Mountains Small B 4.0984361 
Astana Mountains Small C1 8.158875 
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The uncertainty values in Kostanai province for all possible circumstances: 
 
Table #3 – Uncertainty in Kostanai 
 
Province Terrain Size Test Uncertainty (%) 
Kostanai Steppes Large A 3.0469319 
Kostanai Steppes Large B 3.967388 
Kostanai Steppes Large C1 8.0278269 
Kostanai Steppes Medium A 3.3227118 
Kostanai Steppes Medium B 4.2431679 
Kostanai Steppes Medium C1 8.3036068 
Kostanai Steppes Small A 5.090741 
Kostanai Steppes Small B 6.0111971 
Kostanai Steppes Small C1 10.071636 
Kostanai Semi-desert Large A 4.3852291 
Kostanai Semi-desert Large B 5.3056852 
Kostanai Semi-desert Large C1 9.3661241 
Kostanai Semi-desert Medium A 4.661009 
Kostanai Semi-desert Medium B 5.5814651 
Kostanai Semi-desert Medium C1 9.641904 
Kostanai Semi-desert Small A 6.4290382 
Kostanai Semi-desert Small B 7.3494943 
Kostanai Semi-desert Small C1 11.409933 
Kostanai Mountains Large A 1.6520758 
Kostanai Mountains Large B 2.5725319 
Kostanai Mountains Large C1 6.6329708 
Kostanai Mountains Medium A 1.9278557 
Kostanai Mountains Medium B 2.8483118 
Kostanai Mountains Medium C1 6.9087507 
Kostanai Mountains Small A 3.6958848 
Kostanai Mountains Small B 4.6163409 
Kostanai Mountains Small C1 8.6767798 
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The uncertainty values in Aktobe province for all possible circumstances: 
 
Table# 4– Uncertainty in Aktobe 
 
Province Terrain Size Test Uncertainty (%) 
Aktobe Steppes Large A 2.5392128 
Aktobe Steppes Large B 3.4596689 
Aktobe Steppes Large C1 7.5201078 
Aktobe Steppes Medium A 2.8149927 
Aktobe Steppes Medium B 3.7354488 
Aktobe Steppes Medium C1 7.7958877 
Aktobe Steppes Small A 4.5830219 
Aktobe Steppes Small B 5.503478 
Aktobe Steppes Small C1 9.5639169 
Aktobe Semi-desert Large A 3.87751 
Aktobe Semi-desert Large B 4.7979661 
Aktobe Semi-desert Large C1 8.858405 
Aktobe Semi-desert Medium A 4.1532899 
Aktobe Semi-desert Medium B 5.073746 
Aktobe Semi-desert Medium C1 9.1341849 
Aktobe Semi-desert Small A 5.9213191 
Aktobe Semi-desert Small B 6.8417752 
Aktobe Semi-desert Small C1 10.902214 
Aktobe Mountains Large A 1.1443566 
Aktobe Mountains Large B 2.0648128 
Aktobe Mountains Large C1 6.1252517 
Aktobe Mountains Medium A 1.4201366 
Aktobe Mountains Medium B 2.3405927 
Aktobe Mountains Medium C1 6.4010316 
Aktobe Mountains Small A 3.1881657 
Aktobe Mountains Small B 4.1086218 
Aktobe Mountains Small C1 8.1690607 
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The uncertainty values in Karaganda province for all possible circumstances: 
 
Table #5 – Uncertainty in Karaganda 
 
Province Terrain Size Test Uncertainty 
Karaganda Steppes Large A 2.5912416 
Karaganda Steppes Large B 3.5116977 
Karaganda Steppes Large C1 7.5721366 
Karaganda Steppes Medium A 2.8670215 
Karaganda Steppes Medium B 3.7874776 
Karaganda Steppes Medium C1 7.8479165 
Karaganda Steppes Small A 4.6350507 
Karaganda Steppes Small B 5.5555068 
Karaganda Steppes Small C1 9.6159457 
Karaganda Semi-desert Large A 3.9295388 
Karaganda Semi-desert Large B 4.8499949 
Karaganda Semi-desert Large C1 8.9104338 
Karaganda Semi-desert Medium A 4.2053187 
Karaganda Semi-desert Medium B 5.1257748 
Karaganda Semi-desert Medium C1 9.1862137 
Karaganda Semi-desert Small A 5.9733479 
Karaganda Semi-desert Small B 6.893804 
Karaganda Semi-desert Small C1 10.954243 
Karaganda Mountains Large A 1.1963854 
Karaganda Mountains Large B 2.1168416 
Karaganda Mountains Large C1 6.1772805 
Karaganda Mountains Medium A 1.4721654 
Karaganda Mountains Medium B 2.3926215 
Karaganda Mountains Medium C1 6.4530604 
Karaganda Mountains Small A 3.2401945 
Karaganda Mountains Small B 4.1606506 
Karaganda Mountains Small C1 8.2210895 
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                                                        APPENDIX B 
The standard deviation tables 
Astana province 
 
Mean value= 1.03 
 
Standard deviation: 
 
Table #6 –Standard deviation in Astana 
 
Province Terrain Size Test 
Standard 
Deviation 
Astana Steppes Large A 0.037935406 
Astana Steppes Large B 0.051742248 
Astana Steppes Large C1 0.112648831 
Astana Steppes Medium A 0.042072105 
Astana Steppes Medium B 0.055878946 
Astana Steppes Medium C1 0.11678553 
Astana Steppes Small A 0.068592542 
Astana Steppes Small B 0.082399384 
Astana Steppes Small C1 0.143305967 
Astana Semi-desert Large A 0.058009864 
Astana Semi-desert Large B 0.071816705 
Astana Semi-desert Large C1 0.132723289 
Astana Semi-desert Medium A 0.062146562 
Astana Semi-desert Medium B 0.075953404 
Astana Semi-desert Medium C1 0.136859988 
Astana Semi-desert Small A 0.088667 
Astana Semi-desert Small B 0.102473841 
Astana Semi-desert Small C1 0.163380425 
Astana Mountains Large A 0.017012564 
Astana Mountains Large B 0.030819405 
Astana Mountains Large C1 0.091725989 
Astana Mountains Medium A 0.021149262 
Astana Mountains Medium B 0.034956104 
Astana Mountains Medium C1 0.095862688 
Astana Mountains Small A 0.0476697 
Astana Mountains Small B 0.061476541 
Astana Mountains Small C1 0.122383125 
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Kostanai province 
 
Mean value = 1.05 
 
Standard deviation: 
 
Table #7 –Standard deviation in Kostanai 
 
Province Terrain Size Test 
Standard 
Deviation 
Kostanai Steppes Large A 0.045703979 
Kostanai Steppes Large B 0.05951082 
Kostanai Steppes Large C1 0.120417404 
Kostanai Steppes Medium A 0.049840678 
Kostanai Steppes Medium B 0.063647519 
Kostanai Steppes Medium C1 0.124554103 
Kostanai Steppes Small A 0.076361115 
Kostanai Steppes Small B 0.090167956 
Kostanai Steppes Small C1 0.15107454 
Kostanai Semi-desert Large A 0.065778436 
Kostanai Semi-desert Large B 0.079585278 
Kostanai Semi-desert Large C1 0.140491861 
Kostanai Semi-desert Medium A 0.069915135 
Kostanai Semi-desert Medium B 0.083721977 
Kostanai Semi-desert Medium C1 0.14462856 
Kostanai Semi-desert Small A 0.096435572 
Kostanai Semi-desert Small B 0.110242414 
Kostanai Semi-desert Small C1 0.171148998 
Kostanai Mountains Large A 0.024781136 
Kostanai Mountains Large B 0.038587978 
Kostanai Mountains Large C1 0.099494561 
Kostanai Mountains Medium A 0.028917835 
Kostanai Mountains Medium B 0.042724677 
Kostanai Mountains Medium C1 0.10363126 
Kostanai Mountains Small A 0.055438272 
Kostanai Mountains Small B 0.069245114 
Kostanai Mountains Small C1 0.130151698 
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Aktobe province 
 
Mean value =  1.04 
 
Standard deviation: 
 
Table #8 –Standard deviation in Aktobe 
 
Province Terrain Size Test 
Standard 
Deviation 
Aktobe Steppes Large A 0.038088192 
Aktobe Steppes Large B 0.051895034 
Aktobe Steppes Large C1 0.112801617 
Aktobe Steppes Medium A 0.042224891 
Aktobe Steppes Medium B 0.056031732 
Aktobe Steppes Medium C1 0.116938316 
Aktobe Steppes Small A 0.068745328 
Aktobe Steppes Small B 0.08255217 
Aktobe Steppes Small C1 0.143458753 
Aktobe Semi-desert Large A 0.05816265 
Aktobe Semi-desert Large B 0.071969491 
Aktobe Semi-desert Large C1 0.132876075 
Aktobe Semi-desert Medium A 0.062299348 
Aktobe Semi-desert Medium B 0.07610619 
Aktobe Semi-desert Medium C1 0.137012774 
Aktobe Semi-desert Small A 0.088819786 
Aktobe Semi-desert Small B 0.102626627 
Aktobe Semi-desert Small C1 0.163533211 
Aktobe Mountains Large A 0.01716535 
Aktobe Mountains Large B 0.030972191 
Aktobe Mountains Large C1 0.091878775 
Aktobe Mountains Medium A 0.021302048 
Aktobe Mountains Medium B 0.03510889 
Aktobe Mountains Medium C1 0.096015474 
Aktobe Mountains Small A 0.047822486 
Aktobe Mountains Small B 0.061629327 
Aktobe Mountains Small C1 0.122535911 
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Karaganda province 
 
Mean value = 1.04 
 
Standard deviation: 
 
Table #9 –Standard deviation in Karaganda 
 
Province Terrain Size Test 
Standard 
Deviation 
Karaganda Steppes Large A 0.038868624 
Karaganda Steppes Large B 0.052675466 
Karaganda Steppes Large C1 0.113582049 
Karaganda Steppes Medium A 0.043005323 
Karaganda Steppes Medium B 0.056812164 
Karaganda Steppes Medium C1 0.117718748 
Karaganda Steppes Small A 0.06952576 
Karaganda Steppes Small B 0.083332602 
Karaganda Steppes Small C1 0.144239185 
Karaganda Semi-desert Large A 0.058943082 
Karaganda Semi-desert Large B 0.072749923 
Karaganda Semi-desert Large C1 0.133656507 
Karaganda Semi-desert Medium A 0.06307978 
Karaganda Semi-desert Medium B 0.076886622 
Karaganda Semi-desert Medium C1 0.137793206 
Karaganda Semi-desert Small A 0.089600218 
Karaganda Semi-desert Small B 0.103407059 
Karaganda Semi-desert Small C1 0.164313643 
Karaganda Mountains Large A 0.017945782 
Karaganda Mountains Large B 0.031752623 
Karaganda Mountains Large C1 0.092659207 
Karaganda Mountains Medium A 0.02208248 
Karaganda Mountains Medium B 0.035889322 
Karaganda Mountains Medium C1 0.096795906 
Karaganda Mountains Small A 0.048602918 
Karaganda Mountains Small B 0.062409759 
Karaganda Mountains Small C1 0.123316343 
 
 
